We present a new-Keynesian model for small open economy, with price rigidities stemming from a Calvo pricing scheme (1983), monopolistic banking system, financial dollarization of the economy and monetary and fiscal policy governed by rules. We estimate the model on Serbian data and propose various model extensions that could be used for monetary and fiscal policy analysis. We consider 6 combinations of monetary and fiscal policy regimes, inflation targeting and currency peg on one hand, and discretionary cyclically neutral fiscal policy and fiscal rules, on the other. The model with inflation targeting and discretionary fiscal policy fits the data best.
Introduction
We present a new-Keynesian DSGE model suitable for monetary and fiscal policy coordination analysis in a small open economy that deals with substantial financial dollarization. We estimate the model on data for Serbia, both to check the reliability of model calibration and to gain insight into the actual monetary and fiscal policy driving the Serbian economy. The estimation is done using Bayesian
The model we develop is a new-Keynesian model with price rigidities stemming from Calvo pricing scheme of the producing firms (1983) . We model a small open economy, with influences from the world economy spilling over through imported inflation and foreign market interest rate. A special feature in the model is specification of financial dollarization of the economy, where financial holdings of the agents are denominated in domestic and foreign currency and priced at domestic and foreign currencies interest rates. The economy in the model is populated by households, firms, banks and central planners -monetary and fiscal authorities. Firms and banks are not integrated vertically, so we differentiate between producing and distributing firms, and investment and commercial banks. This distinction is pretty standard in literature, aiming at simplification of optimization problems for producer versus distributor firms, but few words of explanation are due in the case of banks since these terms are not used in the usual sense. Investment banks in our model are the ones managing the capital position of the banking sector, dealing only with commercial banks, while commercial banks deal with households and firms on one side, and investment banks on the other. Model is solved, log-linearized, calibrated and estimated on two sets of data. A full set of data (including banking sector interest rates) is only available since 2010, so we estimate the model on a smaller set of data (without the banking interest rates) for a longer period of time (since 2007) to get a robustness check.
The paper is organized as follows: we present the model equations by agents in section 2, in section 3 we present data used for the estimation and discuss the transformations necessary to fit the variables as defined in the model, section 4 comments the priors used and presents the estimation results, section 5 concludes, while in the appendix we present more estimation results and derive the log-linear version of the model.
Model
The model is a new-Keynesian model with price rigidities inhabited by households, firms, banks and central planners -monetary and fiscal authority. There are two types of firms, producers and distributors of finished goods, as well as two types of banks, we called them investment and commercial banks, where the investment banks in charge of the banking sector capital position and commercial banks are serving the clients -households and firms.
Source of nominal rigidities are prices since the firms are setting prices according to the Calvo (1983) pricing scheme, where only a portion of firms can change prices in a given period. Economy is a small and open economy, with influences from abroad being exogenous and spilling over through foreign interest rates, foreign inflation and an exchange rate.
Agents
As already mentioned, agents in the economy are households, producer firms, distributor firms, investment banks, commercial banks, monetary authority, and fiscal authority.
Households
Every period households decide on the quantity of consumption and labour, while maximising the utility function of the following form:
where C t is period t consumption, N t is period t labour, β a discount factor and χ elasticity of substitution between the current and previous period that can also be seen as a degree of household's risk aversion.
All households are identical so the optimization problem is reduced to a representative household's problem.
In every period households have at their disposal income from labour, income from savings in domestic and foreign currency, and transfers from the budget, and they are spending them on current consumption and savings, again, in domestic and foreign currency, so that their budget constraint takes the following form:
where P t is consumer price index, D t f are foreign currency deposits, D t d are domestic currency deposits, S t is exchange rate, W t are wages, i t dd interest rate on domestic currency deposits, i t df interest rate on foreign currency deposits and G t are net budget transfer (social security transfers reduced by household tax).
Households cannot purchase government bonds (only investment banks can do this) and the government transfers are netted.
Total households deposits consist of two parts, one denominated in domestic and one denominated in foreign currency so that: where and ε represents a share of savings denominated in foreign currency (degree of savings' dollarization). Since Serbia has a relatively high degree of financial dollarization (with approximately 75% of both savings and loans denominated in foreign currency, primarily euro) this is an important feature of the model.
Households are maximising utility function under the budget constraint which produces the following first order conditions:
Where λ t is a Lagrange multiplier, and By combining first and third F.O.C. we obtain Euler equation defining the intertemporal consumption substitution:
By combining second and third F.O.C. we get:
i.e. real wages definition, which in this case depends on current consumption and elasticity of substitution between current and previous period's consumption.
Firms
Firm is maximising profit under three constraints, its production function, which in our case has a Cobb Douglas form, demand function and price setting conditions. To simplify the problem one can divide the firms in vertical chain, and have a producer firms minimising costs and distributor firm maximising profit from sales.
Producer firm produces a quantity Y t and sells it to the distributor firm, while hiring labour N t at a wage W t , and importing quantity M t at a price P t * . Firm also borrows, in both domestic and foreign currency, in order to finance its production, and repays the debt in every period, so that the cost function takes the form:
And its production function being:
where A t is technology used in production, ρ А is production fixed costs which grows together with technology, and α is elasticity of labour productivity. Dollarization degree for the firms' debt is the same as for the household savings and the share of debt financed production is fixed, so that:
where k y is the share of debt financed production.
firm's production function is a standard Cobb Douglas production function where production factors are work and imports, and the production is dependent on technology level. Technology variable enters production function twice, as a factor increasing the product of work and imports, and as a proportional part of fixed costs, preventing the systematically positive profits in steady state.
Capital as a production factor is neglected, as is often the case in the DSGE models, due to the fact that capital is a particularly difficult variable to measure, where such data is not available for Serbia. Since we are estimating the model we decided to disregard capital as a variable.
Last two equations can be combined in a unique budget constraint:
Firm's discount factor depends on households demand elasticity, i.e. on Lagrange multiplier definition from the household's maximisation problem:
By differentiating the Lagrange function w.r.t. N t , M t and L t we obtain the following first order conditions:
where the Lagrange multiplier λ t can be seen as a marginal cost of the producer and by combining with first order, conditions can be expressed as a combination of work and imports prices:
Distributor firm purchases products of the producer firm at a price rmct (equal to the real marginal cost of the producer firm) and then sells it with maximising its profits:
where rmc t is real marginal cost of the producer, and ω is the probability that the firm will change prices in period t, meeting the demand of the following form:
In the spirit of Calvo (1983) pricing scheme prices are optimized in period t only by ω portion of all firms.
By differentiating Lagrange function with respect to P t (f) we obtain the first order condition:
i.e. the price setting rule for firms that optimize prices only in given periods.
If all firms would be optimizing prices every period (if ω=0) this becomes:
Price index is formed in proportion of (1-ω) based on optimal price for the firms optimizing in period t and in proportion of ω based on optimal price set in the previous period, for the firms that cannot optimize prices in period t:
If we define Q t as a relative price for the firms optimizing prices in period t:
then it holds that:
By combining price setting rule (20) , price margin (21) and relative price (24) we obtain:
from which a Keynesian Philips curve can be obtained, linking inflation to real marginal cost:
This equation is presented in log-linearized form for easier derivation.
Banks
Similar to firms, banks are maximising profits under the budget constraint. In the model they are working in an environment of limited (monopolistic) competition, in a spirit of the paper Geralli et al (2009). In the model we make a distinction between the investment and commercial banks, where investment banks are handling the capital position of the mother bank, while the commercial banks are working with the clients -households and firms, collecting deposits and granting loans.
Model includes currency duality in bank balance sheets, since Serbian economy is characterised by high degree of financial dollarization. Optimization problem of the banks is thus made more complicated by introducing different interest rates for different currency denominations of deposits and loans. On the other hand, influence of bank regulation (through reserve requirements for example) is omitted in the model, since we assumed that this issue does not crucially influence the question of monetary and fiscal policy coordination we are investigating. This has been a popular topic in the literature since the 2007 crisis (see Goodfriend Investment banks collect deposits Dt from commercial banks and borrow abroad, using these funds to lend to the commercial banks Lt and invest in government bonds Bt. Both deposits and loans can be denominated in domestic and in foreign currency. In accordance with the bank regulations investment banks must maintain a certain proportion of deposits to loans (η), and in case they violate this stipulation they pay the penalty (п) thus decreasing their profit.
Penalty for capital adequacy violation has a quadratic form to insure favourable characteristics of the dynamic solution. Linear function would result in negligible capital adequacy requirement influence on bank margins, as we shall see in the text. Note that we do not use a variable of bank capital in the model, though it is easily expressed as a residual of loans and deposits, and the intention is simplification, similar to that used in the case of firms.
Banks maximise profit:
under the budget constraint, bank balance sheet:
By using the budget constraint twice the problem can be simplified to:
Solving this problem we obtain the first order conditions, by differentiating w.r. Rearranging gives the following relations:
and:
where is the interest rate margin for deposits and is the interest rate margin for loans and By introducing penalty for the inadequate deposits level we get the differentiation between the lending and deposits rates. One could also introduce reserve requirements and differentiate it by currencies in order to inspect the effects of such prudential measures on the system.
Interest rate on government bonds in the model is equal to the interest rate on corporate lending, which does not stray far from the observed data for the Serbian economy. Differentiating those two rates could give us the opportunity to investigate issues such as crowding out effect of the public spending.
Commercial banks distribute loans to their final users, firms, whilst maximising profit by setting the loan price, i.e. interest rate. Borrowing from the investment banks at rates i t wdl and i t wfl , in domestic and foreign currency respectively, and issue loans at rates i(j) t dl and i(j) t fl , in domestic and foreign currency respectively. Bank bears the cost of changing the interest rate, which is represented as a quadratic function with parameters κ dd and κ fd , for loans in domestic and foreign currencies. Bank solves the following optimization problem: constrained by the demand functions for loans in domestic and foreign currency:
where: solving this optimization problem by interest rates i t dl and i t fl , and having in mind that all banks are identical and the solution is thus symmetrical so that:
and we obtain the following first order conditions: and On the other hand commercial banks collect deposits from the households paying rates i dd and i fd , for deposits denominated in domestic and foreign currency, and deposit them with the investment bank at rated i wdd and i wfd , for deposits in domestic and foreign currency respectively. In the same way as commercial banks bear costs of changing interest rates when granting loans, they beat them when they change the interest rates on deposits, which is again represented as a quadratic function with parameters κ dd and κ fd , for deposits in domestic and foreign currency. Interest rate margin of the commercial bank is defined by these parameters.
Bank solves the following optimisation problem:
constrained by the demand function for deposits in domestic and foreign currency:
By solving this optimisation problem w.r.t. interest rates i t dd and i t df and having in mind that all banks are identical so that: and the following first order conditions are obtained:
And

Central planner (monetary authority)
In the model, monetary policy is set by the central bank which, as other agents in the economy, solves an optimization problem where it minimizes the sum of deviations of targeted variables from the target, under the constraints of the system. In this case constraints of the system are the new-Keynesian Philips curve and the IS curve and the targeted values are inflation rate and output gap. Since the central bank also aims at stability and predictability of its policy, we add a neutral interest rate to the loss function around which the central bank aims to stabilize its reference rate.
Put mathematically, the central bank chooses the interest rate to minimise the loss function:
where π t T is the inflation target, x t is the output gap, i.e. deviation of gross domestic product from its potential level, and i t n is the neutral interest rate around which the central bank wants to stabilize the reference rate. As both positive and negative deviation is unwanted deviations are given in quadratic form.
The central bank is constrained by the Philips curve: where x t is output gap, i.e. deviation of gross domestic product from its target:
and IS curve:
First order conditions for this optimisation problem are:
where φ1 is the Lagrange coefficient for the first budget constraint, φ2 is the Lagrange coefficient for the second budget constraint and and By combining the three first order conditions we obtain the relation: or:
which says that the central bank will increase the reference rate when inflation is above its target, and/or output gap is positive, and vice versa.
Target inflation rate is defined as an AR process:
where and σ2 is very small in order to insure that the inflation target does not vary much from period to period, which is in line with the inflation targeting principle of stable and predictable monetary policy.
Modelling inflation target as an AR process is a standard solution in the literature. Ireland (2006) uses AR process which includes technology innovation, i.e. standard error of the Phillips curve on top of standard error of the inflation target process, and which can be seen as a cost push shock. In this way one insures that the central bank reacts to real shocks in the economy. Neri and Ropele (2015) use autoregressive process with added constant to simulate observed fact that the inflation target converges to a constant in the long run.
On the other hand, the central bank can implement a more or less strict regime of exchange rate peg. The IMF distinguishes several forms of currency rate fixing, from currency board and fixed peg to fixed peg with a horizontal band and crawling peg 1 . We consider several forms of modelling a fixed exchange rate regime.
Mathematically we can model a fixed exchange rate regime in a simple formulation (like in Gali where ΔS t is the nominal exchange rate change (i.e. rate of depreciation/appreciation).
This kind of stability can be achieved in practice using a set of policy measures and interventions in a foreign currency market, among other things, so that the standard optimization problem solved by the central bank, that would include exchange rate stabilization among other things:
where S t T is targeted exchange rate, x t output gap, itn neutral intrest rate around which we want to stabilize the reference rate, or in the form cannot produce exchange rate stability observed in countries with the fixed exchange rate regime.
Central planner (fiscal policy)
Fiscal policy can be summed up as an optimization problem of the central planner, in this case the Government. Central planner is constrained by the budget, which in its simplest form boils down to: where В t is public debt, i t B is interest rate on public debt (treasury bonds) and G t is the budget deficit, or net transfer from the Government to the agents in the economy (in this case households).
More complex forms of the budget constraint would include various forms of taxation and budgetary outlays, where one could make a distinction between transfers to the households versus transfers to the firms and/or banks, and taxes could be levied on different tax bases. For example: and where PD t is the primary budget deficit, C t is the household consumption, W t wages, T t H transfers to households, T t F transfers to firms, B t pubic debt and i t B interest rate on treasury bonds.
In this model we don't make these distinctions starting from a premise that taxes are not distortive, i.e. do not influence agents' decision making. We assume that this assumption will not affect differences between analysed fiscal policy regimes.
We are considering three regimes: discretionary fiscal policy, where fiscal deficit is an AR process, procyclical fiscal policy, where fiscal deficit is in constant proportion to gross domestic product, and fiscal policy defined by fiscal rules.
In the first case, budget deficit is defined in the following way:
where ε t is white noise, and ρ G is the autocorrelation coefficient, i.e. degree of rigidity of budget deficit.
In the second case of fiscal cycle neutrality, the following relation holds:
Fiscal rule aims at stabilization of the fiscal deficit and public debt level, which is achieved by gradual return to targeted levels of these two variables by the following formula:
where B t T is targeted level of public debt and G t T is targeted level of fiscal deficit. Speed of return to target is determined by the parameters φ1 и φ2. According to the Budgetary system law adopted in Serbia values for targets BT and GT are 45% and1%, and for parameters φ1 and φ2 they are 0.3 and 0.4, respectively.
Data
Model was estimated using two data sets, since some of the data series were available only for shorter periods of time. For the period since 2002 only data on gross domestic product and exchange rate are available on quarterly level. Data series for consumer price index is available starting from 2007. Finally, data series for banking interest rates are available starting from the Q3 2010. Aside from these, we used data from the banking sector balance sheet (loans and deposits), and from national accounts and balance of payments, private consumption, imports, exports and budget deficit. For the foreign economy we used the interest rate -EURIBOR 2W and the consumer price index.
Gross domestic product series was used in constant prices, seasonally adjusted and without linear trend. This is more common method of detrending than the alternative such as the HP filter, and has proven to give better results in our case, probably due to the problem of skewing at the end that the HP filtering can cause. Series was then transformed to match the model's percent deviation from the steady state in the following way:
where rgdp is gross domestic product series in constant prices, seasonally adjusted and rgdp_lt is its linear trend. This transformation is in line with the model's deviations obtained by log-linearization in a way:
Similarly, the exchange rate was transformed after seasonal adjustment and separating the trend and cyclical component:
Data series for inflation is available only from 2007 since this is the year when the methodology of price index statistics was changed (from tracking retail prices to consumer price index). Since two indices are not comparable we only used the series from 2007. We used annual growth rates with quarterly frequency, adjusting the data to the model the following way:
where and π а is annual inflation rate. This is common methodology of transforming annual to quarterly rates although it would be more precise to transform the data by the formula: where π m is the monthly inflation rate. Reason that the first method is used can be found in the fact that the agents do not observe the inflation directly but based on official statistics reported at annual level. They form their expectations also on an annual level so it is more acceptable from the modelling perspective to assume that the agents are perceiving quarterly rate of inflation as a quarter of annual inflation then as a cumulative effect of three monthly rates of inflation.
Another option to adjust inflation data series to the model is to transform it to deviations from average inflation rate, but we chose the linear trend deviations instead, same as for the other series.
Interest rate series are available only since October 2010. Data for the previous period are aggregated for dinar and euro-indexed loans (and deposits) which makes the series unusable. Also, there was no distinction between new loans and total loans interest rates, which also impairs reliability of the data. For this reason we only used interest rates data for the period beginning as of Q32010, which has shortened the length of a series considerably (to 21 periods).
We used series for interest rates on dinar and euro deposits of households, and dinar and euro loans to firms, which corresponds to the model variables i t dd , i t f d , i t d l and i t f l . We used rates for the maturity of one year, deciding it best illustrates the settings of the model, and we seasonally adjusted the series, where necessary.
Private consumption is taken from the national accounts statistics of the National Statistics Office. Fiscal deficit is taken from the Ministry of Finance statistics and refers to consolidated budget. Both are real, seasonally adjusted and decomposed to linear trend and cyclical component.
Total debt and its dinar and euro components refer to private companies debt owed to the banks, public companies debt is omitted in the model as is the household debt. Total and dinar and euro denominated savings refer to savings of the households, while the company savings are omitted. Dinar denominated series is used in dinars and euro in accordance with the model specifications.
Estimation
We estimated the model using Bayesian techniques, i.e. using beliefs about the distribution of the model's parameters. We used Dynare package for the estima-tion, estimating the model by Monte Carlo Markow Chain sampling techniques. There are two main advantages to using Bayesian estimation for the DSGE models. First, this method allows us to estimate the model as a whole as opposed to estimation of its equations one by one (as would be done if we estimated, for example, a consumption Euler equation by VAR techniques), and secondly Bayesian estimation allows us to use priors, i.e. beliefs about the values and distributions of the model's parameters. This is especially important when one is estimating a large number of parameters, which is inevitable in any model attempting to illustrate the working of an economy. These and other advantages of Bayesian estimation of DSGE models are a subject of several papers, such as Schorfheide (2000) 
Estimation results
We estimated the model on two sets of data. Since data on interest rates is available only since Q32010, we estimated the model on a full set of data for a (small) sample of 21 periods. We estimated the combinations of monetary and fiscal policies, namely inflation targeting in combination with discretionary fiscal policy, procyclical fiscal policy and fiscal rules, and fixed exchange rate regime again in combination with discretionary fiscal policy, procyclical fiscal policy and fiscal rules. Judging by the log data density, data is best described by the model combining inflation targeting with discretionary fiscal policy, log data density value for this estimation is 203.759. 2 This does not surprise that much as fiscal rules were violated continuously in the observed period, rendering budget deficit more of a random process and fiscal policy discretionary rather than regulated by rules.
Residuals of this estimated model shown in the next set of graphs do not oscillate ideally around zero but the return to zero is noticeable. One should note that the Bayesian estimation of DSGE models does not require a sum of residuals to be equal to zero, like in the case of LS estimator, but systematic deviation from zero can point to a model misspecification. In order to show that the model is not misspecified we estimated it on a longer sample of data, since 2007, but without the financial series (i.e. banking interest rates), where we show that the residuals oscillation around zero is much more regular. observed in developed countries (where usual estimated value for this parameter is 0.5 to 0.75). On the other hand α -labour productivity elasticity, is closer to 0.8 аnd not to 0.45 as we assumed. Note: *90% HPD interval is the 90% interval of the posterior density distribution.
Multivariate convergence diagnostics according to Brooks and Gelman (1992) methodology shows satisfactory convergence and stabilization. Univariate convergence shows more variation but convergence is achieved.
Acceptance ratio for the first Monte Carlo chain is 34.1697%, and for the second one it is 34.5797%, which is in accordance with the literature recommended third of sample, see Roberts, Gelman and Gilks (1997).
Graph 3: Multivariate convergence diagnostics according to Brooks and Gelman methodology
Conclusion
We propose a model for monetary and fiscal policy coordination analysis in a small open economy with high financial dollarization and estimate it on data for Serbia. We use Bayesian estimation techniques having in mind their advantages, primarily the possibilities to use prior information and estimate the whole system jointly as opposed to estimating its individual parts, i.e. individual equations.
We estimate the model on two sets of data, one starting from 2010 and including the data on banking interest rates, and one starting from 2007 that omits the interest rate data. Even on a smaller sample of data, including banking interest rates, we get satisfactory estimation diagnostics and parameter estimates that are in line with the literature on the subject. On a longer sample (though without the interest rate data) we get good residuals behaviour, and consistent parameter estimates. We consider 6 combinations of monetary and fiscal policy regimes, inflation targeting and currency peg on one hand, and discretionary, cyclically neutral fiscal policy and fiscal rules, on the other hand. The model that combines inflation targeting and fiscal policy described as an AR process fits the data better than the one defining the fiscal rule as the data generating process for fiscal policy. This is not so unexpected given that the fiscal rules were violated continuously in the observed period. The rest of the monetary fiscal policy mix options cannot fit the data, again not so surprising having in mind that the observed period was marked by high exchange rate volatility.
It is possible to extend the model presented in the paper in various directions, to answer questions regarding monetary and fiscal policy, but also questions from other areas, such as the labour market. Obvious extensions that we briefly commented on can be made in the area of tax policy, and another option is to extend the model to include a more detailed bank balance sheet and then be able to answer questions regarding monetary policy prudential measures (for example questions regarding influence of mandatory reserves). By adding the government debt market one could analyse various issues in this area (crowding out effect of public spending for example). Our goal was to show that even with short time series available for the Serbian economy, one can produce an estimate for an elaborate DSGE model suitable for policy analysis.
